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Abstract.  A Gaussian laser pulse with a square profile in time propagating in a parabolic plasma channel, exerts a 
ponderomotive force on electrons that drives a large amplitude electrostatic wake potential f. An analytic solution for f 
is possible when a characteristic relation is fulfilled. For pulse duration t ~ 9 tp / 4, where tp is the plasma period, the 
plasma wake potential on the axis is twice the ponderomotive potential  f0. 
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Laser produced plasmas may be utilized for 
charged particles acceleration purpose.  The plasma 
beat-wave, where two laser beams of frequency 
difference equal to the plasma frequency are used to 
drive resonantly a plas ma wave, and the wakefield 
accelerator where, a single pulse is employed to excite 
the large amplitude plasma wave, are two major 
concepts for acceleration. Electron acceleration to 
energies up to ~ 3 GeV has been achieved by exciting 
a large amplitude plasma wave by the beat frequency 
ponderomotive force due to two lasers, or to a single 
laser pulse 1,2. The maximum energy acquired depends 
linearly on the interaction length which is  times the 
Rayleigh length in optical guiding case. The guiding of 
the pump lasers to long distance is required 3 and a 
preformed plasma channel is considered to be useful. 
Durfee III et al 4   have indeed succeeded to guide a 
pulse over  ~24 Rayleigh lengths  in a channel already 
formed by an other pulse (pre-pulse) .The excit ation of 
a plasma wave by beating two lasers in a plasma 
channel with parabolic density profile has been then 
analyzed by Sharma et al in Ref.[5]. 
In this letter, we study analytically the excitation of 
wakefields by a laser pulse in a parabolic density 
profile plasma channel. 
Consider a laser pulse of frequency w0 
propagating in a plasma channel with a parabolic 
density profile wp2 = wp02 (1 + x 2 / L2). The evolution 
of the wake potential is governed by the following set 
of equations, 
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where, )x / x exp(- g(t)  = 20
2
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ponderomotive potential, v m e 2
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being the oscillatory velocity. 
By Laplace transforming and recombining Eqs.(1-3) , 
one obtains, 
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stands for Laplace transform .   
By considering x and z dimensions, where the z 
dependence is written as  z)k(sin  
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reduces to , 
,   )  p, (  = 
~
  )  - 1 ( + 
~
  2 - 
~
  )  - 1 ( 22
2
2 lyfgll
fl
l
fl ¶
¶
¶
¶   (5)                                                 
where,x=ila, ) / p + 1 ( L = 20p222 wa ,   k  = 
22
z ag  
and )i , p (    -  =  )(p, 2 layaly  . 
Without the RHS, Eq.(5) reduces to a spheroidal wave 
equation. And for a solution of the homogeneous 
equation near the origin to exist, g  must fulfill the 
following condition (c.f. Ref.[6]), 
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It is clear from Eq.(6) that ww 0p = is a solution. 
This condition constitutes the dispersion relation for 
the eigen modes of the parabolic plasma channel 
(plasma fiber). Whereas the solutions valid in the 
segment (-1, 1) are,  
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and solution of Eq.(7) is  given by  
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where,  ) , ( P   - 1  00s
2 gll is the solution for the 
homogeneous equation corresponding to Eq.(75). On 
the axis the relation (8) reduces to , 
 
z) ksin(   
 + p
 (t) g~ = 
p,0) ( 
~
z
2
0p
2
2
0p
0 w
w
f
f
                     (9) 
For a square pulse in time, i.e., g(t) = u(t) - u(t-t) , 
where u(t) is the step function and t is the pulse 
duration, one obtains, 
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where, wpt 0pp  /  2  =  . Furthermore, when the pulse is 
gone, the wake potential is expressed as follows, 
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To have an effective excitation we may choose   t / tp 
= 9/4,  and the maximum attainable is fmax /f0 =2. 
To conclude, we recall that the excitation of 
wakefields by a Gaussian laser pulse with a square 
temporal profile, is analytically investigated and exact 
solution is found in a plasma channel7. The density 
profile in the channel is taken parabolic; which is a 
good approximation to the real profile in the paraxial 
region, however it ceases to be valid elsewhere as the 
density grows infinitely (a more realistic profile has 
been studied in Ref.[8]).The wake potential is found to 
be periodic in terms of the pulse duration t,  and the 
maximum magnitude attainable on the axis is twice 
that of the ponderomotive potential. 
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